Sperm competition has been recognized as a particularly powerful force that can lead 45 to adaptations in male behavior, morphology and physiology that contribute to2001). Game theory has been used to develop predictions how male ejaculation 48 strategies should be influenced by variation in sperm competition intensity and sperm 49 competition risk, i.e. the probability that females will mate with more than one male -50 so that sperm will compete for fertilizations (Parker 1990a (Parker , b, 1997 (Parker , 1998 games assume that ejaculates are costly -meaning that expenditure on any 53 fertilization must be traded against that of gaining future fertilizations; and also 54 assume that fertilization success is proportional to the amount of sperm transferred to 55 females at mating (Parker 1998 ). The models predict that increasing risk and 56 intensity of sperm competition from zero to one previous mating should favor the 57 evolution of increased expenditure on ejaculates and there is now evidence 58 suggesting such an effect (Gage & Baker 1991; Gage 1991 Gage , 1994 
180
The butterflies used in the study were F1 and F2 directly developing offspring of >25 181 wild-caught P. napi from southern Sweden. In the laboratory, eggs were laid and 182 larvae reared on the natural host plant Armoracia rusticana (Brassicaceae). Larvae 183 were reared in a climate cabinet (Termaks KB 8000L) under conditions securing 184 direct development (23:1h light:dark at 23 °C) and were allowed to feed ad libitum 185 throughout larval development until pupation. On the day of eclosion, after releasing 186 the meconium, butterflies were weighed to the nearest mg on a Sauter AR 1014 187 electrobalance, individually marked and transferred to a cold room (8°C) for a 188 maximum of 7 days, until sufficient numbers of adult butterflies had emerged for an 189 experiment to start. we first made a temporal median filtering of data over three consecutive frames. was also present to allow females from the mated treatment to lay eggs. The bottom 281 of the cages was covered with paper soaked with water to maintain high humidity. 282
The lamps were turned on between 0900 and 1700 hours and each experiment 283 allowed to run for a maximum of 5 days. 284
285
The 3 treatments (virgin females with MeS artificially added to their abdomen, mated 286 females and virgin females) were designed to test the impact of female mating 287 history and the presence of MeS, on male spermatophore investment. Mated females 288
were acquired by releasing 20 males and 20 females into a cage, three days before 289 an experiment started. When a copulation occurred, the mating butterflies were 290 isolated from the rest in a jar covered by a net and replaced. When the butterflies 
Physiological responses to MeS 325
Immunohistochemical staining of the brains show that both sexes of P. napi have 326 about 65 glomeruli in the antennal lobe (63-67, n=4 of each sex), which is 327 comparable to the closely related species P. brassicacae (Rospars 1983). About 30 328 of the glomeruli are clearly tractable for imaging recordings (Fig 1A) . We successfully 329 Both sexes responded to MeS in a dose-dependent manner (Fig 1D) . When we 334 analysed the sensitivity as the lowest dose that elicited a response that differed 335 significantly from that of the solvent it became evident that males were more 336 sensitive than females (ANOVA followed by Tukeys post hoc test). At the lowest 337 dose tested (1:100 000), only males responded. 338 significantly larger (Tukey, 95% confidence level) than investment in the control, 364 virgin female, treatment (13.2±4.0%) (Fig 2) . Thus, the relative investment increases Furthermore, using Ca 2+ imaging we conclude that both sexes can detect MeS and 374 changes in concentrations, and that males are more sensitive than females. 375
376
Both male and female butterflies responded physiologically to MeS, in that a short 377 (2s) exposure to the volatile elicited a change in [Ca 2+ ] in specific glomeruli in the AL. 378
The higher sensitivity in males may reflect their need for an accurate evaluation of 379 the female MeS emission. Interestingly, in a previous study it was shown that 380 females are more sensitive than males to the male-emitted aphrodisiac pheromone 381 citral (Andersson et al 2007) . Thus, the actions of these two pheromones are 382 mirrored in the respective receiver's olfactory system. Sexual dimorphism in 383 pheromone systems is very common in insects. However, as opposed to e.g. moths, 384 where usually only males possess an enlarged subpopulation of glomeruli, the 385 macroglomerular complex, receiving input from pheromone sensing neurons, no 386 difference in AL size and glomerular number between the sexes in P. napi was 387 The fact that males use the presence of an anti-aphrodisiac pheromone to tailor 422
ejaculates provide yet another mechanism that males could use to judge female 423 mating history, besides previously suggested ones -e.g. physical contact with 424 previous spermatophores at mating (Wedell & Cook 1999a) . In view of our results that male P. napi can adjust ejaculate size to female mating 450 history, using MeS, it would of course be interesting to see whether they also 451 strategically change the composition of the ejaculate and transfer proportionately 452 higher numbers of eupyrene sperm when mating competition is high, as has been 453 suggested in P. rapae (Wedell & Cook 1999a 
